Understanding the neural basis of visual perception is a long-standing fundamental goal of neuroscience. Historically, most vision studies were carried out on humans, macaques and cats. Over the past 5 years, however, a growing number of researchers have begun using mice to parse the mechanisms underlying visual processing; the rationale is that, despite having relatively poor acuity, mice are unmatched in terms of the variety and sophistication of tools available to label, monitor and manipulate specific cell types and circuits. In this review, we discuss recent advances in understanding the mouse visual system at the anatomical, receptive field and perceptual level, focusing on the opportunities and constraints those features provide toward the goal of understanding how vision works.
Studying vision in mice: the blind leading the blind? Understanding how the brain gives rise to the experience of sight is an important and fundamental question that has garnered much attention over the years [1] . The longstanding emphasis stems from the fact that many mammals, including humans, rely on vision as their primary sense to evaluate their surroundings and guide their behavior. For more than a century, animal studies of visual system structure and function relied primarily on cats and non-human primates, such as macaques. The rationale for using those species is clear: they have large eyes, high visual acuity and their central visual pathways display many of the same features found in humans, such as wellsegregated parallel pathways in the visual thalamus, and ocular dominance and orientation columns in the visual cortex [2] . Macaques also have a fovea and three cone photopigments, so they can be used to probe the neural basis of high acuity trichromatic color vision [3] . Moreover, macaques can be trained to engage in psychophysical tasks where they 'report' to the researcher what they observe [4] .
Given the clear advantages of the macaque model, why would anyone opt to study vision in the mouse? After all, mice view the world at extremely low resolution [5] , with the equivalent of 20/2000 vision. Moreover, the eyes and visual pathways of mice are one to two orders of magnitude smaller than in cats or primates [6] , which creates substantial challenges for performing targeted recordings, and for tracing and lesioning specific neural pathways using conventional approaches.
The obvious, often-stated reason for using mice is 'genetics'. More precisely, mice allow unparalleled opportunities to study defined categories of cells and circuits. As discussed in Box 1, modern genetic tools provide the opportunity to see the structure of a defined visual cell type, map its connections, record its activity in response to visual stimulation and then selectively silence or activate that cell type in a reversible manner [7, 8] . In theory, this arsenal of tools should allow one causally to link defined categories of visually driven cells with different aspects of vision and, in doing so, unify anatomy, physiology and perception.
There are also practical reasons for using mice. First, the past 5 years have seen a shift toward the widespread availability of transgenic mice, such as Cre-expressor lines, as well as molecular tools for in vivo circuit labeling and manipulation (e.g. viral transfection agents). Large-scale mouse consortiums and well-organized online catalogs currently enable any lab in the world to use molecular genetics to address important questions about brain circuitry and function. A second reason is that the smaller overall size of the mouse nervous system can be used to gather data over a large spatial scale; for instance, the total area of the mouse primary and extrastriate visual cortex spans only several millimeters across the cortical surface [9] , potentially allowing the entire system to be visualized simultaneously. A third, and less obvious (but nonetheless influential) reason why many labs are now using mice to study vision is that mice are safer, simpler and less expensive to maintain than are cats or primates.
Despite all of these advantages, the goal is to understand how vision works, not to make life easy. Therefore, it is essential to know what the mouse visual system comprises and is capable of, and to consider carefully how that shapes the questions one can expect to answer about visual processing using this species.
The hardware and software of the mouse visual system Recent years have shown a surge in the number of studies aimed at parsing the basic structure and function of mouse central visual pathways. Although that effort is far from complete, these studies generally support the argument that the mouse visual system is much more sophisticated than previously thought. Furthermore, it is proving to be a valuable model for addressing several fundamental questions about visual processing. Here, we review what is currently known about the architecture of mouse visual Review
